Background: Essential tremor (ET) is a common neurological disorder. Genetic, environmental and dietary factors have been suggested to contribute to ET. The present study investigates the effect of vanillin, a polyphenol food additive with strong neuroprotective activity in harmaline induced tremors in rats.
Introduction
Essential tremor (ET) also referred to as benign or familial tremor is a hyperkinetic movement disorder characterized by the uncontrolled rhythmic oscillations of the different parts of the body, during voluntary movements. Tremors are generally noticed in the hands and arms but other parts such as head, jaw, chin, palate, trunk and legs may also be affected. ET is one of the most common neurological disorders with a wide variation in prevalence among different communities and populations [1] [2] [3] . According to a recent estimate with the animal protection guidelines of the Institutional Research and Ethics Committee of Prince Sultan Military Medical City. Male Sprague Dawley rats weighing 115 ± 5 g were obtained from the animal facility of the institute. They were housed under standard conditions at a temperature of 23 ± 1 o C, 12L:12D cycle and had free access to food and water. The animals were divided into three batches. Each batch was made up of four groups with six rats each. Group one was given harmaline and the other three groups were administered vanillin in different doses either before or after the induction of tremor according to the type of study.
Drugs and administration
Harmaline (Sigma Aldrich, USA) was dissolved in saline and administered by intra-peritoneal injection at a dose of 10 mg/kg. Vanillin (Merck, Germany) was dissolved in saline and administered by gavage at 50, 100 and 200 mg/kg. The selection of different doses was based on earlier literature and on our pilot studies [33] [34] [35] .
Based on the duration and time of treatment i.e. before or after the induction of tremor and for the sake of convenience the studies were designated as; acute therapeutic, acute prophylactic and sub-acute prophylactic. The animals in the therapeutic study were administered vanillin by gavage at three different doses (50, 100, and 200 mg/kg), 10 minutes after the induction of tremor by a single injection of harmaline (10 mg/kg). In the acute and sub-acute prophylactic studies vanillin was administered 30 m and 7 days respectively before the induction of tremor. The protocol of drug administration is depicted in Figure 1 .
Tremor grading
The occurrence of tremors was rated by an observer blinded to treatment protocol as described earlier [36] . Different members of the team performed the assessment of tremor. One member prepared and administered the drugs and recorded the onset, while the intensities and duration of the tremor was recorded by another member of the team, who was not aware of the groups and the treatment to which each animal belongs. around 2.2% of the population in the United states are affected by ET, which is 7 times more than the prevalence of Parkinson's disease that affects about 0.15-0.3% of the population [4, 5] . Although ET is considered as a benign problem, it has a profound influence on the quality of life with more than half of the patients above the age of 65 seeking medical treatment [6] . Furthermore, around 15% of the patients are unable to continue with their work due to the high amplitude of tremor and resulting multifunctional disabilities [7, 8] .
The pathophysiology of ET is not clear and the exact mechanism of tremor is not well established. Different factors including genetic [9] , environmental [10] , and dietary factors [11, 12] , have been reported to be associated with ET. On the other hand, limited efficacy and noncompliance due to the common side effects of the available therapeutic options make it necessary for the exploration of new drugs specifically designed for treatment of tremor [13] .
A recent study demonstrated the suppressive effect of safranal, an active constituent of a food additive Saffron in harmaline induced tremor [14] . Food additives specially that contain polyphenols are promising compounds for the treatment of different neurological diseases [15] . Dietary phenols have been found to be useful agents for the modulation of brain function [16] , and in the mitigation of brain diseases [17] . Consumption of different fruits and vegetables with a high content of polyphenols was found to be helpful in decreasing dementia and cognitive impairment [18, 19] . Supplementation of the diet with blue berries, a rich source of polyphenols was observed to increase the precursor cells in the dentate gyrus of rats [20] , suggesting a link between polyphenols and neurogenesis [21] . Furthermore, polyphenols and their metabolites exert modulatory actions on different signaling pathways [22] .
Vanillin (VLN), a O-methyl catechol (4-hydroxy-3-methoxybenzaldehyde) polyphenol is a flavor compound extracted from vanilla beans. It is widely used as an additive in food, medicine and perfume [23, 24] , with an estimated annual consumption of more than 2000 tons all over the world [25] . Vanillin has been reported to ameliorate depression like behaviors in rats [26] , and has a preventive effect in animal model of Huntington's disease [27] . In addition, vanillin also possesses anti-inflammatory [28] , anti-mutagenic [23] and antitumor properties [29] .
Harmaline is a β carboline alkaloid (βCA) derived from the harma plant. Systemic administration of βCAs produces discernible postural and kinetic tremor in experimental animals such as mice, rats, rabbits and monkeys [30] [31] [32] . Harmaline induced tremor is used as a model for preclinical testing of drugs against tremor [14] and drugs used to treat essential tremor have been observed to suppress harmaline induced tremor [31] . Keeping in view the wide use of vanillin and the neuroprotective potential of vanillin, the present study was designed to examine the effect of vanillin on harmaline induced tremor in rats.
Materials and Methods
All animal experiments were performed in accordance 
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The period between the injection of harmaline and the appearance of the first symptoms of tremors was recorded as the latency of onset of tremors. The duration of tremors was defined as the time between the onset and complete disappearance of tremors. The intensity of tremors was assessed at regular intervals (every 10 minutes) until the tremors completely subsided and the animals became normal. The clinical grading of the intensity of tremors was done as reported earlier [36, 37] : no tremor = 0, mild tremor = 1, moderate intermittent tremor = 2, moderate persistent tremor = 3 and pronounced severe tremor = 4. Tremor index was expressed as the total sum of the intensity score for the entire duration of tremor as per the method of Suemaru et al. [38] . Harmaline induces tremor with a frequency of 10-13 Hz in rats [36, 39] .
Statistical analysis
The results are presented as mean ± standard error. One way analysis of variance (ANOVA) followed by Dunnett's multiple comparison test were used to determine the level of significance. Difference with a P value of < 0.05 was considered as significant.
Results

Effect of vanillin on latency of onset of tremor
Treatment of rats with harmaline produced characteristic tremors starting within 5-8 minutes of its administration. The tremor was noticed first in the head and then spread to the whole body. Before the onset of tremor, the animals showed reduced mobility and mild pilo erection. Although the tremor was observed at both rest and at movement, it was more pronounced when the animals were moving or not leaning against the wall of the cage. The tremor lasted for around 120 to 160 minutes.
Pretreatment of animals at different doses of vanillin either 30 minutes (acute prophylactic study) or 7 days before (sub-acute prophylactic study) the induction of tremor failed to produce any statistically significant changes in the latency of onset of tremor (Figure 2b and 2c) .
Effect of vanillin on duration of tremor
The mean duration of tremor in harmaline treated animals ranged between 120 to 160 minutes. In the therapeutic study a statistically significant (P < 0.01) reduction in the duration of tremor was observed only in animals treated at the highest dose of vanillin (Figure 3a) . On the contrary acute prophylactic treatment with vanillin resulted in a statistically significant (P < 0.05) reduction in the total duration of tremor in the 50 and 200 mg/kg vanillin treated groups (Figure 3b) . The sub-acute prophylactic (7 days) treatment of animals with the different doses of vanillin resulted in a statistically insignificant reduction in the total duration of tremor (Figure 3c ). 
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Effect of vanillin on the tremor intensity and index
The tremor intensity index in the harmaline treated animals ranged between, 39-47. The results of our acute therapeutic study showed a significant (P < 0.01) decrease in the tremor intensity index of the animals treated with 100 and 200 mg/kg of vanillin (Figure 4a ). On the other hand, both acute and sub-acute prophylactic treatment of animals with vanillin resulted in a significant (P < 0.01) reduction in the tremor intensity index in all the treated groups (Figure 4b and 4c).
The changes in the intensity of tremor in relation to time for the therapeutic, acute prophylactic and sub-acute prophylactic studies are given in Figure 5 , 6 and 7 respectively. Treatment of animals with harmaline produced a consistently high intensity (4 ± 0) of tremor during the first hour and started to decline thereafter. In the therapeutic regimen of treatment, the intensity of tremor was significantly reduced by all the three doses of vanillin at 30 minutes (P < 0.01) and 60 minutes (P < 0.001). Subsequently only the medium (100 mg/kg: P < 0.05 and 0.01) and the high dose (200 mg/kg: P < 0.01 and 0.001) of vanillin were effective in significantly reducing the intensity of tremor at 90 and 120 minutes respectively ( Figure 5 ). On the other hand, in both acute and sub-acute prophylactic studies a significant difference was observed in the intensity of tremor at different time intervals between the vanillin treated and harmaline alone treated animals, however the effect was not dose dependent ( Figure 6 and 7) .
Discussion
Harmaline induced tremor is a widely used animal model of essential tremor. This study was carried out to assess the effect of vanillin, a polyphenol and a commonly used food additive and flavoring agent with strong neuroprotective properties on harmaline induced tremors in rats. Both therapeutic and prophylactic treatment regimens were used to study the efficacy of vanillin against harmaline induced tremor.
Administration of harmaline produced tremors that lasted for more than two hours. The intensity of tremor was severe during the first hour and then declined gradually and 
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the animals were free of tremor at 2-3 hours after the onset of tremor. Vanillin treatment had an attenuating effect on harmaline induced tremor. Administration of vanillin both before and after the induction of tremor reduced the duration and intensity of tremor ( Figure 3 and 4) . Our findings are supported by recent studies [14] , wherein beneficial effects of saffron another food additive were observed in harmaline induced tremors. Clinical studies have also indicated an association between dietary factors and essential tremor [11, 12] . Vanillin is a polyphenol and dietary polyphenols have been reported to act as modulators of brain function [16] . Furthermore, vanillin has been observed to act as a potent neuroprotective agent in models of Huntington's disease, neuropathic pain and brain ischemia [27, [40] [41] [42] and has been suggested to possess brain protective properties [24] , which are evident in our study (Figure 3 and 4) .
The exact anatomy and the mechanism of essential tremor and harmaline induced tremor are not clear and well defined [43, 44] . In addition, essential tremor is not a single entity but a cluster of disorders [4] similar to harmaline induced tremor, which also involves more than one mechanism [43] . Modulation of any one or more of these mechanisms may be helpful in the attenuation of tremor.
Harmaline induced tremor is similar to centrally induced tremor. It acts on the olivary nucleus, that is considered as a pace maker for the generation of tremor and triggers a synchronous olivary discharge through alternating phases of membrane hyper polarization and rebound depolarization [44] , which then spreads to other areas of the brain [45] . Drugs with anesthetic and antinociceptive properties have been observed to act as anti tremorogenic agents and reduce the latency of onset, duration and intensity of harmaline induced tremor [14, 37] through a reduction in neuronal excitability. The anti-tremor effect of vanillin as observed in this study may be assigned to its strong antinociceptive effects [41] . Vanillin also showed an alleviating effects on allodynia in chronic constriction nerve injury [40] . Furthermore, vanillin was reported to reduce neuronal excitability and possess strong anti-epileptic potential against maximal electro shock and pentylenetetrazole induced seizures [46, 47] .
It has been suggested that harmaline induced tremor is mediated by voltage oscillations in the inferior olivary neurons that rely on low and high threshold calcium conductance and potassium currents [48] . A low threshold calcium channel antagonist 1-Octanol, was observed to be effective in suppressing harmaline induced tremor and it was hypothesized that T type calcium channel inhibitors may be helpful against essential tremor [49] , which was confirmed by the recent studies, that point out a strong role of T type calcium channels in harmaline induced tremors. Handforth et al. [31] demonstrated that 5 different T type calcium channel antagonists suppressed tremors in both harmaline induced and Cav3-1 deficient mice models of tremor. Vanillin has a strong inhibitory effect on calcium channels [50] and prevents the initial cell depolarization and alters the final intracellular calcium levels, through its modulatory effects on the calcium channels [51] . The primary effect of vanillin is on the L type calcium channels [50] , which are distributed on neuronal cell bodies, while T type channels are associated with neuronal rhythmic burst firing [44, 52] . Though preliminary our observations of the inhibition of the harmaline induced tremor by vanillin, a L type calcium channel inhibitor, are supported by the earlier findings that suggested that both L and T type calcium channels are involved in the genesis of tremor [53] .
Although the neuronal circuitries involved in harmaline induced tremor are not well understood, the involvement of ionotropic glutamate, GABA(A) and dopamine D(2)/D(3) receptors in the neurobiology of harmaline-induced tremor has been reported [30] . Agents that facilitate the inhibition of NMDA mediated glutamatergic pathways such as MK801, PCP have been observed to reduce the intensity of harmaline induced tremors [30, 54] . So the observed anti-tremor activity of vanillin in our study may be ascribed to its inhibitory action on NMDA receptors and signal transmission [55] . Furthermore, vanillin has been reported to provide neuroprotection against transient global ischemia by increasing the expression of γ amino butyric acid transaminase in gerbil brains [42] . Inhibitory neurotransmission mediated by GABA has been shown to decrease the intensity of tremor [56] . Therefore, it is postulated that the anti-tremor activity of vanillin may be attributed to its GABA enhancing potential. On the other hand, a recent study by Kosmowska [57] has demonstrated a beneficial effect of dopamine D3 receptor agonists pramipexole and 7-OH-DPAT in harmaline induced tremor. Vanillin has also been observed to modulate monoamine transmission and was found to be protective in experimentally induced depression in rats by increasing the dopamine levels [26] , suggesting a possible alternative mechanism for its anti-tremor activity.
Overall the results of our study indicate that vanillin has an attenuating effect in harmaline induced tremor in rats and may be used as a potential pharmacological agent for the treatment of tremor. However, the precise mechanism involved in the difference in anti-tremor activity of vanillin in acute and 
sub-acute treatment remains to be elucidated. Further detailed studies are warranted to understand the neuroprotective mechanism of vanillin in harmaline induced tremor.
